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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate mem ben. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by i suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be serf-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating It 
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OCCUISIM OF A VESSEL 
Background cf the rrnmtitmn 

FwW of thn Invention 

Tin present invention rotates generally to the eecbsien of • vessel whhh • patient and more specifically, 
to an apparatus and method of partiiBy or compbtety occbdtng ■ nsseL 
DaserimiBn of the Related Art 

Attempts heretofore hairs been made to treat oecbsions in the carotid vterias leading to the brah. 
However, such arteries have been very difficult to treat because of the poaltfty of disiadgng plaque which can 
enter various arterial vessels of the brain and cause permanent brain damage. Attempts to treat such oecbsions 
with balloon angioplasty have been very tinted beeausi of such dangers. In surgical treatments, such as 
endenereetomy. the carotid artery is slit end plaque b removed from the vessel m the slit area. Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such as in angioplasty and r the treatment of peripheral erteriBS end veins, there is 
the possibility that the guide wees and catheters used in such procedures during depbymnt of the same may cause 
distodgameni of debris or emboli which can flow downstream end cause serious demage, such as stroke, if they 
occkide Mood flow in smaker vessels. Thus, in summary, embofization end migration of rreero-emboi downstream 
to an end organ is a major concern of cardiologists during catheterizations. 

Thorn is therefore need for new end improved apparatus end methods which make it possible to treot 
occluded vessels without endangering ttiB patient. 

Sormwrv of the Invention 

Tho present invention satisfies the need for a device that occludes a vessel, in particular, a vessel n e 
patioQt unde-gong therapeutic or other medical treatment. Any one of e number of different eipension members 
ere joined to one or more elongate members such es hypotubes to form e device that completely or pertiaUy occludes 
e vessel within a patient. The expansion member may be seH-expamiing, it mey be expanded by engaging It with 
one of the elongate members, or it may be hooted to cause it to expand. A membrane preferably surrounds the 
expansion number so that s seel is made between the membrane end the vessel The perfusion of bbod is allowed 
If the membrane is perforated. Partial ocdusian may be obtained without e membrane if e artabte expansion 
member o chosen. In general, in one espect of the present invention, there is provided en apparent end method 
that can ba used with approved diagnostic and tberepeutic devices to reduce the chance of emboli migrating 
downstream. Alternatively, the expansion member may anchor an intravascular device within a vessel. 

One embodiment of the present invention is e device for occbding a vascular segment. ti which the device 
incbdes an expansion manner end first end second elongate members. The frst elongete member engeges the 
expansion member, end the second elongate member surrounds tho first elongete rnereber. with the expulsion member 
expending to occlude the vascular segment when one of the elongate members is moved longitudinally. The 
expansion member preferably incbdes a braid. » col. a ribbortfke structure, e started tube, a pbrafity of ribs or a 
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ftftr-T** mesh. The device may also hcfado material that adjoins the axpansen mentor tor ereatng a partial or 
total seal with the vascular segment. 

In one particular embodinent the expansion member is in an unexpended stete when it is surrounded by 
the second elongate member, but expands when the first elongate mentor is pushed through the second elongate 
member. In another embodiment, both the first and second ekmgete mentors ere secured to the expansion mentor, 
end the expansion member expands as the first elongate member is retracted. 

Another embodiment of the motion is a method of occluding a segment within a vessel which includes 
the step of inserting first and second eJongeta mentors into the vessel to be occkrded (in which the first elongate 
member adjoins an exponsion mentor), f olowed by the step of varying the position of et least one of the elongate 
mentors so that tha expansion member expands until the vessel is comptataty or partially occluded. In one 
embodiment, the varying step oicejdex retracting one of the elongate members, end in another embodiment the 
varying step comprises pushing one of the elongate members through the other elongate member. In yet another 
method of occluding a segment within a vessel an expansion member is inserted within the vessel and the expansion 
member is heated to cause it to expand until the vessel is st least partially occluded. Heating the expansion member 
may involve, for example, passing electrical current through it or passing worm solution over or near it. 

Brief Description o f the Drawing s 

FIG. 1 is a side-eJevational view in section of one embodiment of a catheter apparatus incorporating the 
present invention for treating occluded vessels. 

FIG. 2 is a side-elevational view in section simdar to FIG. 1 but showmg the epparatus in FIG. 1 with the 
expansion mentor (in this case, a self-expendable seal) deployed. 

FIG. 3 is a side-elevational view ei section of another embodiment of a catheter apparatus incorporate^ 
the present invention for treating occluded vessels. 

FIG. 4 is a vew similar to FIG. 3 but showing the expansion member (in this case, a self-expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudinal cress sectional view of en embodiment in which a membrane only 
partially surrounds a braid used as the expansion mentor. 

FIGS. 6A and 6B show end views of imperforated and perforated membranes, respectively. 

FIG. 7 is e schematic, longitudinal cross sectional view of an embodiment in which a braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a filter-tike mesh is used 
as the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment fi which a slotted tube b used 
as the eipansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodinent of FIG. 9. 
FIG. 1 1 is a schematic, longitudinal cross sectional view of en embodiment in which e ceil is used os the 
expansion member, and the proxrai end of a memorane surrounding tha cos 1 adjoins the coiL 
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FIG. 12 is a schematic, longitudinal cross actional vitw of an embodiment in which a cod is used as the 
expanabn member, and the proxsnal end of a membrane surrounding the coi adjoru a sheath that surrounds both 
first and second elongate members. 

FIG. 12A is en embodiment similar to that shown in F16. 12. in which resistive heating is used to expaid 
the expansion member, with current being conducted through wees being attached to either side of the expansion 
member. The expansion member as shown is partialy deployed. 

FIG. 12B is an embodiment simto to that shown si FIG. 12A, in whidi resistive heotiig is used to expend 
the expansion member, with current being conducted through a wre being attached to the distal end of the expansion 
member end through a coating on the first eiongate member. The expansion member as shown is partially deployed. 

FIG. 13 is e schematic side cross sectional view of an embodiment m which a plurality of ribbons are used 
as the expansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. ei which a warm solution passes between 
the tint and second elongate members to transfer heat to the expansion member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an embodiment Jtmiar to that shown in FIG. 13A. in which a warm solution passu through 
the first elongate member to trensfer heat to the expansion member, causing it to expand. The expansion member 
es shown is partially deployed. 

FIG. 13C is en embodimem siritar to that shown in FIGS. 13A and 13B, in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heet to the expansion member, causing it to 
expand. The expansion member as shown is parttalry deployed, 

FIG. 14 is a schematic sidB cross sectional view of an embodiment in which a plurality of ribs are used 
as the expansion member. 

FIG. 15 is an bometnc view of an embodiment of the invention in which a pull wire is used to deploy e 
plurebty of non-seff-expanding ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, undeployed position. 

FIG. 17 is a side eievatbnal view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membra™ makes a seal with the vesseL 

FIGS. 18A and 18B show tongrtudinaJ and end perspective views, respectively, of a locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 c a perspective view of en alternative locking mechanism used with a wee that deploys an 
expansion merrier. 

FIGS. 20A. 20B, 20C. and 200 show, respectively, a braid, a fitter ike mesh, o slotted tube, end e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons m the embodiment of FIG. 15. 
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Dotoeed Qgcrption of the Preterm) Etntwdimoms 
The expinaon members doomed herein include braids, ceils, rfes. ribbon-hie structures, slotted tubes, end 
fhertike meshes. These expansion members may tie partraly eovored or eonejerteiy surrounded by a membrane or 
other covering to provide oectnen or seating of the vessel. As used herem. •ocekaion" or "seeling", and the Ike. 
meen partial or urnplete blockage of fhrid flow in a vascular segment, as it is sometimes preferable to allow 
perfusion. Moreover, such expansion members may be deployed by various machartcal means, electrical means or 
thermoraranical means, etc as described herein. Expansion members that are deployed mechanically are preferably 
*spring-i*e" n nature, Le. they ere preferably resilient to facDrtate their deployment or retraction. 
Cetheter Apparatuses and Seff-Exoandina Braids 

OnB embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 
is shown in Figures 1 and 2. As shown therein, the cetheter epperatus 651 consists of a flexible elongate member 
652 whch is provided with prexrnal and distal extremities 653 and 654. A conventional adapter 656 is mounted 
on the proxrnal extremity and is provided with s Touhy-Borst fitting 657 which is ei cnrrnunication with a Urge 
central lumen 656 extending from the proximel extremity 653 to the distal extremity 654. An espiretion fitting 661 
is provided on the adapter 656 es well es an irrigation fitting 662. both of which ere in corrcrurscetion with the 
central lumen 658. However, it should be appreciated that if desired, separate kimens can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding seeing rndarism 666 is mounted on the distal wrtrerntty 654. ThiTsdf-expandng seeing 
mechanion 666 can take any suitable form. For exemple, es shown it can consist of a braided structure 667 formed 
of e suitable shape memsry material such si s nickel titaiuum alloy that wil attempt to expand to a predetermined 
shape mumory. Other than shape memory materials, other materials such as stainless steel. Elgitoy'". titanium or 
other materials can be utilized in the braid 667 as long as they have the capability of expends* when the self- 
(xpsndng seal mechanism is released. Also it should be appreciated that the serf-expanding seal mechanism 666 
can be comprised of en absorbent material which when it abserbs seine or blood expands to form a seaL Sued 
seats can be readily accomplished faeceuse it is only necessary to form a seal of approxrnatefy 1.5 pit to prevent 
smaU particles from moving downstream. 

In order to prevent ebresion of e vessel, it is desirable to cow the braided structure 667 with e coveroig 
668 of a suitable materiel such as e polymer or a biocornpitUa coating which extends over the braided structure 
867 and which moves with th B braided structure 667 as it expands end contracts. The polymer can be of a suitable 
material such as sicone. C-fkw. polyethylene or PET which would form e good sealing ervjagement the wall 
of the onery. The covering 668 mey be perforated to allow perfusion. 

A mechanism is provided for compressing the self-expanding seaing mechanism 666 so that the apparatus 
can be inserted into the vessel 481 and consists of an elongate sleeve 771 havng proximel and distal extremties 
772 and 773 and a bore 774 extending from the proximal eniernrty 772 to the distal extremity 773. A collar 776 
is mounted on the proximal extremity 772 of the sleeve 771 and a positioned neer the adapter 656. The cottar 776 
serves as a mechanism for retracting the sleeve as shown in Figure 2 to uncover the self-expanding seeling 
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mechanism 666 after the catheter hu been deployed to permit the seff-sxpanding seating mechanism 666 to expand 
and form a seal with the artehaJ vassal adjaoant the stenosis to be treated. 

Another embodiment of a catheter eppiretus for treating occluded vessels incorporatmg the present 
mention is shown in Figures 3 and 4. As shown therein, the apparatus 781 consists of i guklng citheter 782 
having poxinal and distal extremities 783 end 784. As shown, the distal extremity 784 b provided with a pre- 
formed bend of e conventional type. A conventional attechmant 786 is mounted on the proxmi extremity 783. 
Stf«xpanding seal mechanism 791 is mounted on the distal extremrty 784 end is of the type hereinbefore deserted 
m connection with the embodiments shown in Figures 1 and 2. A sleeve 796 s'raOar to the stem 771 of the 
previous embodiment is provided r the present embodiment for encasing the self-expanding seal mechanism 791 and 
for reteesng the same after it has been disposed in en appropriate position within a vassal adjacent the occlusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 and 798 and having a bore 
799 extending from tba proximal extremity to the distal extremity which is sized so that it can receive the guide 
catheter 782. It is provided with a coUer 801 on its proximal extremity which is adapted to be disposed outside 
the patient and which is adapted to be grasped by the physician for pulling the sleeve 796 proximaiiy to uncover 
the self-expanding seal 791 after the apparatus has been deployed to permit the self^expsnsion of the sealing 
mechanism 791 to form a seal with the vessel wall as shown n Figure 4. 

In accordance with the hereinbefore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the same function as the main catheter. To accomplish this, the assembly 781 can be introduced 
into the femoral artery and the distal extremity advanced into the desired location h the arterial vessel After it 
has been properly positioned, the physician can retract the sleeve 796 to permit the serf-expending seal mechanism 
781 to expand and to form a seal with the wall of the arterial vessel to occlude the arterial vessel and interrupt 
the flow of blood in the vessel to provide a working space distal of the occlusion formed. This prevents smal 
particles which may thereafter be dislodged from moving downstream. Since a central lumen is available, the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatus shown in Fsjures 1, 2. 
3 end 4. 

AftheuQh the self-expanding sealing mechanism 666 (791| can be deployed by retracting the sleeve 771 
(798) as previously described, the sealing mechanism can also be deployed by pushing the flexile elongate member 
652 (guiding catheter 7821 through the sleeve so that the sealing mechanism can expand. This may be the preferred 
way of deploying the sealing mechanism 668 (791|. if there is fttla clearance between the apparatus 651 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the patient's vessel As discussed 
below in connection with subsequent figures, the saaing mechanism 666 (7911 may alternatively comprise members 
such as a col a ribbon-fite structure, a slotted tube, or a filter-Gke mesh. In each ease, the sealsig nschantsm 
expends to partially or completely occlude the vessel in question, or arternatrveiy, to anchor an eitravascubr device 
to the vessel 
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Ahemaiiva SeH-Eroandinn IfemWi 

Another embodiTHm uiing i braided structure is shown schanaticaVy in FIG. 5. in which a flexible elongate 
memo* 20 is disposed within • sexond ebngsto mambar 24 such as a hypotube. A sell umanding meehanism 28 
such as a braided structure is secured to the distal and ef the elongate member 20. pref arabty within en indentation 
32 ef member 20. The braided structure 28 is only partially encapsulated by a preferably elasiomaric membrane 
36 that makes a seal with the patient's vassal 40. (Ahercativoly. e coatetg such as a polymeric coating may be 
used m place of the membranes diseased herem.1 m this and the other •mbodrnenu. adhesive may be used to 
secure the self -expanding mechanism 28 and the membrane 36 to the elongate tranter 20. In the etiAmtonent of 
FIG. 5. the braided structure 2B and ncmbrane 36 are designed to be asymmetrical, with more materiel being 
concentrated at the pronrul side of the structure 28. The braids of the embodiments disclosed herein may be 
stainless steel 304 or 400, supereiestic or heat activated NrtinoL en iron base shape memory alloy, or a polymer 
base, such as polyethylene or polypropylene. They may be constructed, for exemple. by using standard equipment 
such as a braider. 

Although the embodiment of FIG. 5 shows the flexile elongate member 20 connected to a guidewire tk> 
44. other technologies for guiding the device through the patient's vessel 40 may be used in this and the other 
embodrnants. such es a guidewire (either over the wee or single operator) or the exchange catheter method, as is 
wal known in the ert. Also, although not expbcnJy shown in the embodiment of FIG. 5 and the other embodiments 
herein, these entodrrnems may incajde rumens, aspiration and rrigatkm fittings, and collars ike those ikistrated in 
FIGS. U. 

The mambrene 36 is prefarebty impervious to the now of blood (FIG. Be) (or those applications not rearing 
perfusion, although a performed membrane 36* (FIG. 6b) having numerous holes 37 therein may be used in other 
airpbcations to allow the pessage of blood. The holes 37 are preferably greater than 10 microns in diameter end 
may be up to 80 microns or more in diameter to permit the passage of blood ceils (nominally 6-10 microns in 
diameter) through the membrene 36' while blocking larger particulates such as emboli Likewise, a perforated 
membrane 36' may be used in the other embodrnents disclosed herein. Antithrombogenic coatings can be used (e4, 
heparin! to prevent thrombosis formation. 

FIG. 7 shows on embed rant ei which e braided structure SO is not enclosed by a membrane. When the 
breided structure SO comprises, for example, a diamond mesh pattern in which adjacent wires ere separated by about 
10-80 microns, the braided structure permits the passage of red blood cets, while blocking the flow of matter that 
may be undesirable. e.g. emboli or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is well suited for applications for which perfusion is required. 

Aherrrathre serf-expanding media are shown in FIGS. 8 and 9. In FIGS. 8 and 9. a self-expandeig fitter-like 
mesh 60 and e self -expending slotted tube 72. respectively, are surrounded by e membrane 62 thet is preferably 
elastomer.:. The filter-like mesh 60 (or slotted tube 72) and membrane 62 are bonded or otherwise secured to e 
flexile elongate member 64. e.g„ to an indentation therein. As with the other setf-expanding media disclosed herein, 
the filter-like mesh 60 (or slotted tube 72) expands from its unexpended stats when the flexible elongate member 
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64 it pushed through a second elongate member 66. or ahernativery, when the sacond alongita mernb«r 66 is 
retracted over the first elongate memoir 64. The flter-ike mash 60 (or stoned tube 72) then expands so that the 
rnamtoane 82 forms a seal with the narouodnj vassal 68. A guidewire *> 70 aids in striding the device through 
the vessel 6B. The fitr&e mesh 60 and stoned tuba 72 are of a suitable shape memory material such as Nitinol 
or 004 or 400) stainless steeL The fiker-Bce mash 60 is fibrous „ IomBwhlt an-ogouj n nee| Wflc| 

The slotted tube 72 has a lsttico4ike appearance. The slotted tube 72 may be constructed, for eiantple. by 
eradiating a thin-waled tube with a laser beam to form hobs in the tube m the shape of polygons such as oblong 
quadtiaterals. An unexpended, slotted tube 74 is shown in FIG. 10. 

FIG. II Uustratas another embedment, in which a coil 80 serves as the sBlf-upsndinn mechanism. The 
coil 89 may be integrally formed with a first elongate member 82 or be otherwise specially joined to it. e.g. by 
welding or brazing the col to the elongate member 82. The coi 80 is surrounded fay e niernbrene 84 that expands 
with ihe coil when it is pushed out of a second elongate member 86. or eftemativeJy. when the second elongate 
member 86 is retracted from the coil 80. Thus, the membrane forms e seal with the surrounding vessel 90. The 
membrane 84 may be attached directly to the first elongate member 82. or to a member 88 such as a disk that is 
in turn secured to the coil 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be stteched to the first elongate member 82 or to the member 88. if one is used. 

An embodiment umiar to that shewn in FIG. 11 is ifcutrated in FIG. 1Z si which the membrane 84 is 
secured et the proximal end to a separate sheath 94. In this case, the sheath 94 and the first elongate member 
82 era extended together over and through, respectively, the second elongate member 66. Assembly may require 
preloading the coil 80 through the distal end of the second elongete member 86. 

Another embedment thet employs e self-expanding medium is shown in FIG. 13, bi which e plurality of 
rftbor* 100 make contact with a membrane 102 while they expand to urge the membrane towards the wall of the 
vessel 104 where h makes a seal. The rtbons 100 of this embodiment are preferably secured to e first elongate 
member 106 at both ends of the ribbons, by. for example, gluing tham in place. The ribbons may be 0.001-0.004" 
x 0.005-0.020- x 0.25-1.0- strips of Nitinol. stainless steel or Efcjiloy 1 " which expand when urged out of tha second 
elon 0 ate mernber 1 08. A guidewre tip 1 1 0 may be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 106. 

FIG. 14 ilustrates en embodiment similar to the one in FIG. 13. in which ribs 120 such as wires form a 
series of semicircular arcs when they expand. The ribs 120 are surrounded by a membrane 122 that expands with 
the ribs to form a seal with the vessel 124. The number ot ris 120 is preferebly at teest three. The ribs 120 ere 
preferably attached directly to a first elongete member 124 that is surrounded by a second elongate member 126. 
The fibs 120 themselves are preferably made of a shape memory materia! such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other saH-oxpending embodiments, the self-expending mechanism 100 (120) is in an unexpended 
state when enclosed by the second elongate member 108 (126). and expands whan pushed or pulled beyond the 
second elongete member 108 (126). 
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Hort-iert-esBandirm CTifrpftncms 

1 Heat activated nfflfcri^ 

FIGS. 12A and 12B Bustrate how alaetrical means can be used to genarata htat to aipand an expansion 
member. A first elongate rnember 82* (and a coil 80- which adjoin h. coii 80' and number 82' being similar id their 
unprimed counterparts) b preferably made of beat activated Nrtinol an iron base shape memory alloy, or another 
materiel thai expands when exposed to heat. As shown in FIG. 12A. low profile, low resistivity electrical lines 81 
and 83 preferably pass either through or eiong the second atongete member 86 and are attached (e.g.. soldered) to 
the first elongate member 82' on either side of the coil 80'. When current is applied through the electrical Ones 81 
and 83 (the power supply is not shown but is preferably outside the patient), the col 80' heats up through resistive 
heating, and the coil upends to urge the membrane 84 to contact the vassal wall 80. Alternatively, es shown si 
FIG. 12B. the first elongate member 82' may nave a coating 85 of gold or siver. In this embodiment, the coated 
elongate member 82' is used to pass current (with most of the current preferably being carried by the coating 85. 
so that most of the energy is deposited in the coil 801. with the circuit being completed with a low resistivity wire 
87 that is pref erabfy connected le.g, soldered) to either the second elongate member 86 or the sheath 94. This 
principle of resistive heating to expand a expansion member can be eppfied to the other embodiments disclosed herein 
as well. 

FIGS. 13A. 13B. and 13C illustrate how heat transfer using a hquid can deploy en expansion merrier. The 
ribbons 100* are pref erably made of heat activated Nitinol. an iron base shape memory aMoy.Tr amither material that 
expands when exposed to heat. In the embodiment of FIG. 13A. e worm sain solution 107 is passed between the 
first and second elongate members 106 and 108 and then over the ireanbrane 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' heat up. they expend, thereby urgiij the membrane 102 against the vessel 
wan 104. As ilustraied in FIG. 13B. the warm saline solution 107 may also ba passed through the first eiongete 
member 106 and then through holes 109 in member 106 » that the saline solution 107 more directly transfers heat 
to the ribbons 100'. In this embodimem. one or more holes 1 1 1 in the membrene 102 (distel to where the seal with 
the vessel wall 104 is made) may ba used to auow the seiine solution 107 to flow away bByond the ribbons m 
after heat transfer to the ribbons occurs. As ikistrated in FIG. 13C, the saane solution 107 may also be passed 
through one or more closed loop coils or lumens 1 13 within the first elongate tranter 108. In this way. the ribbons 
100' and the patient's blood are not exposed directly to any solution. Using heat transfer can also be applied to 
the other irnbodirnems disclosed herein, provided the expansion member is surtsbry constructed. 

L Mechanicallv deployed m*n>d>fiiM 

Cither non-serf-axpanding seating mechanisms that can be used for ocdudino e vessel are described below. 
In the embodonent of FIGS. 15-17. a first elongate member 140. preferably a pull wre. is (when the device is 
completer, assembled) attached to a brace member 144 that is in turn attached to a first ring member 148. 
Adjoining the first ring member 148 and a second ring member 152 are a plurality of ribbons 156 that extend 
between the two ring members. SuVrounding the ribbons 156 is a membrane 160 that forms a seal with the 
patient s vessel 162 when the ribbons are expanded. The membrane 160 is joined to at lust one end preferably 
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both of ths ring members 148 and 152. Thi membrane 160 can be joined to oniy one .1 ths ring membars 148 
and 152. for exemple. whan the membrane 160 extends far enough at the iangindinal direction to permit the 
membrane to make a good seal with tha nasal 162 whan the rtbons 156 are deployed. 

To aisembla the device, tha first and second ring members 148 and 152. tha ribbons 156. and the 
membrane 160 are placed a* a unit wound a second elongate mrmber 166. wheJi has a pair of oppositely facing 
holes 170 and 172. The brace nwnber 144 is inserted thnmgh the holes 170 and 172 and secured to both the 
pull 140 and the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled configuration, with the ribbons 156 m their iongitudmil orientation, is 
ftmrated in FIB. 16. As ihistrated in 06. 17. when the pull wire 140 is retracted, the ribbons 156 (shown in 
phantom) and the membrane 160 that surrounds them are urged towards the vessel 1 61 where the membrane makes 
e seal with the vessel The ribbons 160 ere preferably restfient enough so that they return to ther longitudinal 
orientation when the pull wire 140 is released. The elasticity and resiience of the puH wre 140 also helps the 
ribbont 156 return to their undeployed configuration. A gukJewire tip 171 may be used to assist in guiding the 
device to the desired location in tha vessel 162. 

A preferred way of retracting the pun wire 140 is shown in RGS. 18A and 18B. FIG. 18A shows tha pull 
wire 140. which is attached to tha brace member 144. A rotatabta handle 180 is attached to a kicking member 
184 which in turn is feslined to the puH wee 140. When the locking member 184 clears tha second elongate 
member 166 within which it resides (which is preferably outside the patient), the lockng member end rotatable 
handle 180 may be oriented es fltustrated in FIG. 18B to keep the puB wire 140 teuoht, thereby preventing the 
sealing meehanism from returning to its undeptoyid position. The pull wire 140 may be made of stainless or nitnol 
and may have a diameter of 0.006-0.008 inches, for a catheter having an 0.0. of 0J)14". for example. 

An alternative to the deployment apparatus iustrated in FIGS. 18A and 18B is shown in FIG. 19. in which 
a handle member 190 is grasped by the eurieian to retract the pud wire 140. thereby deploying the seaing 
mechanism. Once extended, the sealing mechanism preferably has the tendency to return to hs undeploved position, 
which si the process puHs the puB wire 140 back into tha second elsngete member 186. This can be prevented by 
insertino a spacer member 194 between the handle member 190 and the aecsnd elongate member 166. After the 
medical procedure is complete, and occlusion of the vessel is no longer required, the spacer member 194 eon be 
removed and the pull wire 140 end the seaing mechanism returned to their respective undeployed positions. The 
device can then be removed from ths patient. 

Although the principle of using a non-self-expanding mechanism has been ihistrated in FIGS. 15-17 with 
respect to daformabte ribbons, other non-selt-expanding mecbenisna. as iiatrated m FIGS. 20A-20D, can be employed 
in conjunction with the brace member 144 and the first and second ring members 148 and 152. For example, 
"stead of using ribbons 158. a non-saH-expanding braided structure 200 can be used, in wrath the braided structure 
200 adjoins first and second ring members 14B and 152 and is covered with a membrane 160 to form the unit 204 
shown in FIG. 20A, The unit 204 cen be used in conjunction with an elongate member 166. e brace member 144. 
a guidawire tip 1 71. a first elongate member 140 such as a puH wire, a rotatabta handle 180. and a locking member 
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184 to form • one. analogous to th. ribbon*.* device of RG. 15. Altema.hrety. other rn.ch.msms can bo used 
for SBCurinrj tba pufi Wn 14D. such as a hanrJIo mentor 190 .nd a spacer msmbar 194. 

Other norueltapandinB mecharusms such as a fltor-fto mash 208. a slotted tuba 212. and coiis 216 can 
faa "sad to form unit* 220. 230. and 240 analogous to th. on i, 204 as ta in FIGS. 208. 20C. 

and 200. Units 220. 230. and 240 can ik.wne b. uted to construct d.vicu en.iog.us to tho ribbontased devk. 
ikmrated in RGS. 15-19. hither, if unit 204 i, u»d without . mentrane. it may wsist h blood perfuaon if the 
braidad structure 200 is suitably constructed. ARemetrvaly. perforated membranes lik. ni.nbr.rm 36' of FIG. EB 
may ba used to permit blood perfusion. Aftheugh the ribbons 158. the braidad structure 200. the fflter-ike mesh 
208, th. slotted tube 212. and the coifs 21B must be activity deployed (a.g. with a pull wire 140). they are 
nmrerthnless simiar to their salf-expanding counterparts. 

It should be understood that the scope of the present mention is not ba bmrted by the lustrations or the 
foregoing description thereof, but rather by th. appended dam. ,nd certain variations and modifications of this 
invention wfl suggest themselves to one of ordinary ski in the art 
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WHAT IS CLAIMED IS : 

1. A device for ocduding a vascular segment, comprising: 
an expansion member; and 

f im and second elongate members, wherein said first efongate nwnber engages sard expansion member and 
said second eJongata member engages said first elongate member, said expansion member expanding to at least 
paruaty occhide the matter segment when one of said eJonQato members b mom) longitudinaly. 

2. The device of Claim 1, further comprismg i materia! that idioms said expansion member for 
creating a ssaJ with the vascular segment. 

3. The device of Claim Z wherein said malarial does not completely encapsulate said expansion 

member. 

4. The device of Bairn 1, wherein said expansion member is a Hter-fte mesh attached to an 
indentation within said first elongate member. 

5. The device of Clam 1. wherein said expansion member as in en unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5. wherein said expension member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5, wherein said expansion member is serf-expanding. 

8. The device of Claim 7, wherein said self-expanding member comprises a merrier selected from the 
group consisting of a braid, a cei, a ribbon like structure, e slotted tube, a pJurafty of ribs and a fiteHfte mesh. 

9. The device of Claim 1. wherein said second elongate member b also secured to said expansion 



memoer. 

10 

retracted. 

11, 



The device of Claim fl, wherein said expansion member expends es said first elongate member b 



The device of Claim 9, wherein said expansion member comprises a member selected from the 
group consisting of e braid, a pkraJity of eofc, a ribbon-like structure, a slotted tube, end e fiterlike mesh. 

12. The device of Claim 9, wherein said expension member upends es the relative position of said 
frst and second elongate members changes. 

13. A method of occluding a sapnem within e vessel comprising: 

inserting first end second elongete members into the vessel wherein the first elongate member adjofcs en 
expansion member: and 

varying the position of at least one of the elongate members so that the expansion member expands unti 
the vessd is occluded. 

14. The method of Clam 13. n which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes the 
expansion member to expand. 
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16. The method of Claim 14. in which the expansion member edjoins both elongate nwrters, and the 
relative portion of the elongate members is veried to expend the eipanston member until the vessel is occluded. 

17. The method of Claim 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

18. The method of Claim 13, further comprising: 
performing e medical procedure near the ocduded she; and 
retrieving the elongate members and the expansion member from the vessd. 

19. A method, comprising; 
inserting an expension member within the vessel; and 

heating the expansion member to cause it to expand uml the vessel is at least partially occluded. 

20. The method of Claim 19, in which the expansion member is comprised of e material selected from 
the group consisting of heat activated NirJnol end an iron base shepe memory alloy. 

21. The method of Claim 19. in which said heating the expansion member comprises passing electrical 
current through it. 

15 22. The method of Claim 19, in which said heeting the expension member comprises flowing warm 

soejtion near the expansion member to heet up the expension member. 
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